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Areal implant with X-rav-visible elements 

The invention relates to an areal implant with a flexible poly- 
mer-based basic structure. 

Areal implants with a flexible polymer-based basic structure, 
5 which are prepared for example in the form of meshes or tapes, 
are widely used. They are used for example in a surgical operae 
tion f in order to support or to reinforce an organ or tissue St 
to promote the healing procedure. Such an implant often has to 
remain permanently or at least for a very long time in the body 
10 of a patient. In this case, the basic structure contains non- 
resorbable polymer or only very slowly-resorbable polymer. 

In the course of time, the inserted implant can shift, shrink or 
fold. This can lead to problems for the patient. Diaghostically, 

15 by means of imaging procedures, this can be detected, if at all, 
only with great difficulty, as conventional areal implants are 
relatively fine, in order to ensure a sufficient flexibility, 
and have already become fused with tissue a short time after the 
operation, so that they can hardly be made out, if at all, using 

20 conventional and widespread diagnostic methods such as ultra- 
sound or X-ray procedures, so that no diagnostically usable 
conclusions are possible. 

Metal meshes can be made visible with X-ray procedures, but are 
25 not sufficiently flexible. 

In EP 0 894 481 temporary and removable X-ray-visible markers 
are described, which are essentially applied on stents. A stent 
is generally taken to be a tubular metal mesh or a perforated 
30 metal tube which is much more inelastic than an areal implant 
with a flexible basic structure on polymer base. The markers 
shown in this document are not suitable for an areal implant 
which is permanently inserted in the body of a patient. 
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A temporary marking with a resorbable marker which, as a rule, 
consists of a resorbable polymer and an element such as zirconi- 
um or iodine, is described in EP 0 894 503. The use of a resor- 
bable and physiologically compatible polymer which is combined 
5 with toxic elements such as elementary zirconium or iodine, is 
problematical . 

In WO 94/01056 stent implants are shown which consist of a tubu- 
lar metal mesh and loop-shaped metal wires knotted onto them 
.... 10 which are made from an X-ray-dense metal, such as tantalum. 
These implants are likewise relatively bulky, as they are meant 
to support vessels, and are not comparable with areal implants 
with a flexible polymer-based basic structure . 

15 R. Sahagian (Critical Insight: Marking Devices with Radioopague 
Coatings, MD&DI May 1999) describes X-ray-visible coatings on 
stents and catheters which are produced with the help of a sput- 
tering process. These coatings are intended for short-term im- 
plants such as catheters or for not very flexible metal meshes 

20 such as stents and are unsuitable for permanently implanted flat 
polymer implants . Furthermore, sputtering processes have the 
disadvantage that often only a fraction of the expensive precio- 
us metals used is deposited on the implant. 

25 Swabs marketed by the firm Hartmann under the name " Telacomp" , 
contain a polypropylene thread filled with barium sulphate. 
However, these swabs are not proposed for permanent implanta- 
tion. The marking only reveals whether a swab has remained in 
the body after an operation, but gives no information about the 

30 orientation of the swab in the body, as the thread filled with 
barium sulphate runs only in the middle of the swab and thus a 
shifting or a folding at the edge cannot be recognised. Barium 
sulphate is to be considered as critical for use in a long-term 
implant, because of the toxicity of barium ions, if it is not 

35 sufficiently encapsulated. 
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The object of the invention is to create a possibility, which is 
economical and safe for the patient, of being able to monitor a 
flexible areal implant which is implanted in the body of a pa- 
tient for a long time or permanently, after the operation at any 
5 chosen time, in a way which does not burden the patient* 

This object is achieved by an areal implant having the features 
of claim 1. Advantageous designs of the invention are given in 
the dependent claims. 

10 

The areal implant according to the invention has a flexible 
polymer-based basic structure and has X-ray-visible elements. 
The implant is preferably set up for permanent implantation, the 
X-ray-visible elements being present in tissue-compatible form, 

15 i.e. if at all possible releasing no toxic substances even after 
a long time, and being permanently connected to the basic struc- 
ture. The implant is preferably flexible as a whole. The X-ray- 
visible elements enable the implant to be made visible as requi- 
red at any time after the surgical operation to insert the im- 

20 plant. It is particularly advantageous to have the X-ray-visible 
elements arranged in an areal pattern. This is because, in this 
case, a shift of the implant or of sections of the implant (e.g. 
folding of corner) can be easily recognised on the X-ray image. 
Shrinking or stretching is also visible through the changed 

25 distances between the individual components of the pattern. 

The basic structure preferably has a non-resorbable polymer so 
that it is suitable for a permanent implant, but can also have 
a proportion of resorbable polymer. Examples of tissue-compati- 

30 ble non-resorbable or very slowly resorbable substances are 
polyalkenes (e.g. polypropylene or polyethylene), fluorinated 
polyolef ins (e.g. polytetraf luoroethylene or polyvinylidene 
fluoride), polyamides, polyurethanes , polyisoprenes, polystyre- 
nes, polysilicones, polycarbonates, polyaryletherketones (PEEK), 

35 polymethacrylates , polyacrylates , aromatic polyesters, polyimi- 
des as well as mixtures and/or copolymers of these substances. 
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Polyhydxoxy acids (e.g. polylactides f polyglycolides, polyhy- 
droxybutyrates , polyhydroxyvaleriates ) , polycaprolactones, poly- 
dioxanones, synthetic and natural oligo- and polyaminoacids , 
polyphosphazenes, poly anhydrides , polyorthoesters , polyphospha- 
5 tes f polyphosphonates, polyalcohols, polysaccharides, polyet- 
hers, resorbable glasses as well as mixtures and/or copolymers 
of such substances, for example, come into consideration as 
resorbable substances . 

10 The flexible basic structure is preferably designed as mesh, 
tape, foil or perforated foil and in principle it can be of 
conventional type. It is preferably thinner than 1 mm. It is 
conceivable that the shape of the implant to be used in a given 
surgical operation is cut to size from a larger piece of materi- 

15 al before the operation. 

X-ray- visible elements, which are particularly clearly visible 
in an X-ray procedure, contain a chemical element or several 
chemical elements of a medium or high atomic number in suffi- 

20 cient density. Non-toxic and chemically stable chemical elements 
or chemical compounds with these properties are particularly 
suitable. If no sufficient long-term stability is guaranteed, 
such as for example in the case of barium sulphate, additional 
measures are recommended, as explained further below. Examples 

25 of X-ray-visible substances which can be used in the X-ray-visi- 
ble elements are pure zirconium dioxide, stabilized zirconium 
dioxide, zirconium nitride, zirconium carbide, tantalum, tanta- 
lum pentoxide, barium sulphate, silver, silver iodide, gold, 
platinum, palladium, iridium, copper, ferric oxides, not very 

30 magnetic implant steels, non-magnetic implant steels, titanium, 
alkali iodides, iodated aromatics, iodated aliphatics, iodated 
oligomers, iodated polymers as well as mixtures and alloys of 
such substances . Non-magnetic materials offer advantages becau- 
se, for example, they do not disturb imaging diagnostic procedu- 

35 res using magnetic resonance. 
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In a preferred version of the invention, at least part of the X- 
ray^visible elements is formed as pre-shaped bodies of respecti- 
ve length, width and height in the range 0.1 mm to 50 mm, the 
pre-shaped bodies being attached to the basic structure. 

5 

The pre-shaped bodies can be present in many different shapes, 
e.g. as beads, balls, small tubes, rods, small plates, rings, 
discs, bones or clips. A coating or outer wrapper (preferably 
made from polypropylene or beeswax) made from a non-resorbable 

10 material can be advantageous, in particular—if the long-term 
stability of an uncoated pre-shaped body is doubtful. Such a 
pre-shaped body can be permanently connected to the flexible 
basic structure in many different ways, in particular by knot- 
ting, compression, welding and/or bonding (e.g. with or with the 

15 help of foils, small foil strips, foil tubes, small meshes or 
adhesives), by attachment direct to the basic structure or to a 
holding device (such as e.g. a thread, a mesh, etc) connected to 
the basic structure. 

20 The pre-shaped bodies (scattering bodies) can be designed and 
connected to the basic structure in many different ways . Citable 
as further examples are perforated bodies (e.g. sleeves, rings, 
beads) which are strung on a thread or attached to a thread and 
consist of an X-ray-visible- substance, for example zrirccmium ( 

25 dioxide, barium sulphate, non-magnetic implant steel, titanium, 
gold or other precious metals. In addition, the pre-shaped bo- 
dies can be coated with one of the polymers used for the basic 
structure. In a preferred version, at least one pre-shaped body 
contains a mixture of at least one X-ray-visible substance with 

30 a binding agent, preferably a non- or slowly resorbable polymer 
and/or a wax. Furthermore, the X-ray-visible substances can be 
encapsulated in a glass. Pre-shaped bodies attached to a thread 
can be directly incorporated into the flexible basic structure 
during the manufacture of the implant or fixed on" the basic 

35 structure by suitable thread connections or thermal fixing. 
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The pre-shaped bodies considered have the advantage that, becau- 
se of their size, they can be also made visible with other dia- 
gnostic procedures such as ultrasound methods and magnetic reso- 
nance procedures. Furthermore, the flexibility, of the implant is 
5 not, or is only slightly, impaired by the presence of the pre- 
shaped bodies. A correspondingly thick X-ray-visible monofila- 
ment thread or wire, the X-ray visibility of which corresponds 
to that of the pre-shaped bodies present at the implant, would 
on the other hand lead to a marked stiffening of the flexible 
10 basic structure, which is not desired. 

Pre-shaped bodies designed as clips are particularly suitable 
for subsequent attachment to a flexible basic structure. Metal 
clips are considered for example, but also clips which are cast 
15 from a composite material which contains X-ray-visible substan- 
ces in the form of chemical elements, oxides, salts or organic 
compounds which are compounded in a non-resorbable polymer. 

A pre-shaped body can also be connected to the basic structure 
20 in an advantageous manner by covering it with thin foil pieces 
on both sides and attaching it to the basic structure via two- 
sided welding with ultrasound. 

In a preferred design of the invention at least some of the X- 
25 ray-visible elements have a polymer tube or a cord which is at 
least partly filled with particles of a size of at most 2.5 mm 
made from an X-ray-visible substance. For preference, the X-ray- 
visible substance is additionally fixed in the polymer tube or 
the cord, for example by thermal shrinking and/or gluing. 

30 

With the help of such a polymer tube or such a cord, an X-ray- 
visible substance can be introduced into the basic structure as 
a quasi-linear element. The implant is preferably so designed 
that the flexibility, the elasticity, the rigidity and the ten- 
35 sile strength are not adversely affected. 
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A particularly preferred type of attachment of the X-ray-visible 
elements to the basic structure is one which can be used for 
pre-shaped bodies in particular, and in which a pre-shaped body 
or several pre-shaped bodies (e.g. balls made from zirconium 
5 dioxide) are packed into short tubes, e.g. a few centimetres 
long, at equal intervals. If the basic structure is a mesh made 
from polypropylene, these tubes are preferably made from poly- 
ethylene or polypropylene for medical use and have, in the lu- 
men, an equal or somewhat greater diameter than the pre-shaped 

10 bodies. These short, filled tubes are thermally fixed on the 
mesh, optionally under pressure. Short strips thus form, in 
which the X-ray-visible substance is completely encapsulated and 
which are so strongly fixed that these strips or the enclosed 
particles of the X-ray-visible substance cannot be removed from 

15 the mesh without destroying it. The mechanical properties of the 
basic structure, such as for example the flexural strength, are 
not adversely affected. 

In a further preferred version of the invention, at least part 
20 of the X-ray-visible elements is formed as polymer, into which 
an X-ray-visible substance made from particles of a size in the 
range of 10 nm to 500 pm (preferably 10 nm to 100 urn) is com- 
pounded . 

25 The polymer with X-ray-visible substance can be present in the 
implant for example in the form of monofilaments, filaments 
reduced along sections, multifilaments, twines, braided threads, 
cords, foils, films, small film tapes, tapes or such forms which 
are provided with knots. In advantageous designs, the basic 

30 structure has polymer with X-ray-visible substance, which for 
example can be incorporated direct into the basic structure 
(e.g. knitted in), or the polymer with X-ray-visible substance 
is attached to the basic structure as additional component? 
mixed forms are also conceivable. Preferred examples of the X- 

35 ray-visible substance of the polymer are zirconium dioxide as 
well as barium sulphate; in the latter case the polymer should 
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be coated in addition with a non-resorbable polymer or wax, in 
order to prevent the barium sulphate , which has a toxic effect, 
from being released in the body of a patient in the long term. 

Thus, for example, zirconium dioxide particles with an average 
diameter of less than 1 nm can be compounded particularly ad- 
vantageously in polypropylene with a mass content of 10% to 90%, 
preferably 50%, and mono- and multifilaments can be extruded 
from this material. These can be incorporated into the basic 
structure in the form of threads, cords or thin tapes, so that 
cutting is possible for the surgeon, without the X-ray-visible 
elements coming loose from the supporting basic structure. 

In the case of monofilament threads, care is to be taken that 
the threads, when they have good X-ray visibility, are also 
still sufficiently elastic in order to not adversely affect the 
flexural properties of the implant. This can be achieved by 
diluting a relatively thick X-ray-visible thread with a diameter 
of for example 0.2 mm to 2 mm at pre-set intervals by thermal 
treatment and stretching and optionally reacting it with plasti- 
cizers or plasticizing polymers (e.g. adding of polyethylene to 
polypropylene). Such X-ray-visible filaments are preferably 
incorporated into the basic structure so that they have no sup- 
porting function and cannot adversely affect the properties of 
the implant, which are essentially dictated by the basic struc- 
ture, such as its tensile strength or elasticity. 

Monofilaments or multifilaments made from polymer with X-ray- 
visible substance can be kjiotted once or repeatedly in the area 
of the basic structure. The local visibility in the X-ray image 
is thereby increased, without the flexural strength of the fila- 
ments being increased to an extent such as that which is present 
in a thread with the knot thickness. Furthermore, as a result of 
their size, such knots can also be detected with other diagno- 
stic methods, such as ultrasound procedures or magnetic resonan- 
ce. 
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It is particularly advantageous if at least part of the X-ray- 
visible elements has an X-ray-visible symbol which is preferably 
provided repeatedly and at equal intervals . Such a symbol can be 
sewn for example from X-ray-visible threads, stitched from X- 
5 ray-visible threads, embossed from X-ray-visible foil or put 
together from X-ray-visible objects or X-ray-visible powder. 

The symbol is preferably neither point- nor mirror-symmetrical; 
thus the lower-case letter " e" can, for example, be considered. 

10 With the help of the symbol or the symbols, a deformation of the 
implant, e.g. an undesired knotting or overlapping, on the one 
hand from the relative distances between the symbols and on the 
other hand from a change in direction of the symbols can be 
recognised in the X-ray image. It is also conceivable to use the 

15 product name of the implant or the company name of the manufac- 
turer as the symbol, e.g. in the form of embossed pieces made 
from X-ray-visible foil, which are attached at equal intervals 
to the basic structure. 

20 It is of particular advantage if the implant in the body of the 
patient can also be detected with the help of ultrasound proce- 
dures and/or in magnetic resonance tomography. This can be 
achieved in particular with the help of larger pre-shaped bodies 
or knots, as already mentioned. 

25 

It is thus possible, using the invention, to provide implantable 
flexible polymer meshes and tapes with an X-ray-visible substan- 
ce so that the desired properties, such as low weight, elastici- 
ty, tensile strength and behaviour at the implantation site, are 

30 not essentially altered and also other diagnostic procedures, 
such as X-ray photographs, computer tomography photographs of 
regions lying behind the implant or magnetic resonance procedu- 
res, are not noticeably disturbed by the marking with X-ray- 
visible elements. Furthermore, it is possible to anchor the 

35 marking so firmly to the basic structure so that no false dia- 
gnoses are effected by a migration of loosened x-ray-visible 
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elements. Furthermore, the implant material can be marked such 
that it is possible for the doctor to cut it to size later wit- 
hout causing a loosening of the X-ray-visible elements, whereby 
size, position and shape of the implant would no longer be able 
5 to be detected with certainty. The marking with the X-ray-visi- 
ble elements can be designed to be toxicologically harmless, and 
this to be effective for decades. Thus, not only proven inert 
substances such as e.g. gold or titanium (which develops a pro- 
tective layer) are suitable, but also, in sufficiently and per- 

10 manently encapsulated form e.g. barium sulphate, which is other- 
wise only permitted as an oral X-ray contrast medium because 
barium ions are very toxic and, despite the low solubility of 
barium sulphate of 2.5 jxg/ml, toxic effects can be expected in 
the case of long-term implantation (Chang, Biomaterials 2, 151- 

15 155, 1981). 

The invention is illustrated in the following with the help of 
individual embodiments. The drawings show in 

20 Figure 1 a top view of the implant according to Example 1, 
which has clips made from titanium as X-ray-visible 
elements, 

Figure 2 a top view of the implant according to Example 9, 
25 which has balls made from zirconium dioxide as X- 

ray-visible elements, 

Figure 3 a schematic representation of the implant according 
to Example 14, which is produced on a crochet gal- 
30 loon machine and has X-ray-visible threads, and 

Figure 4 a thread course representation to illustrate the 
manufacture of the implant according to Example 15. 
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Example 1 

Manufacture of an X-ray-visible, fine and coarse-pored polypro- 
pylene mesh with clips made from titanium 

A partly-resorbable implant mesh customary in the trade, marke- 
ted by Ethicon GmbH under the name "Vypro" , was boiled in a 10% 
soda solution, rinsed with water and air-dried in order to remo- 
ve the resorbable part. Clips made from titanium ("LIGACLIP 
Extra" , small, manufactured by Ethicon Endo-Surgery) were atta- 
ched to the resulting fine, but coarse-pored polypropylene mesh 
on the intersection points of every seventh and eighth wale 
using the associated applicator. Figure 1 shows the basic struc- 
ture 10 in the form of the polypropylene mesh as well as the 
clips designated by 12. 

The implant made in this way was placed under a 10 cm- thick gel 
cushion for sonography, in order to have an absorption compara- 
ble to the in-vivo-situation, and X-rayed (focus-film distance: 
lm, exposure 52/2.5). The X-ray-visible elements in the form of 
clips 12 were clearly visible in the X-ray image. They could not 
be separated from the mesh by gentle manual pulling. 

Example 2 

Manufacture of an X-ray-visible, fine and coarse-pored polypro- 
pylene mesh with clips made from implant steel 

A partly-resorbable implant mesh customary in the trade 
("Vypro" , Ethicon GmbH) was boiled in a 10% soda solution, rin- 
sed with water and air-dried, in order to remove the absorbable 
part. Implantable clips made from steel ("LIGACLIP Extra" , 
small, stainless steel with the US-material number 316L, from 
Ethicon Endo-Surgery) were attached to the resulting fine, but 
coarse-pored polypropylene mesh (basic structure) on the inter- 
section points of every seventh and eighth wale using the asso- 
ciated applicator. 
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The implant made in this way was placed under a 10 cm- thick gel 
cushion for sonography, in order to have a basic absorption 
comparable to the in- vivo- situation, and X-rayed (focus-film 
distance: lm, exposure 52/2.5). The X-ray-visible elements in 
the form of the clips were easily visible in the X-ray image. 
They could not separated from the mesh by gentle manual pulling. 

Example 3 

Manufacture of an X-ray-visible, fine and coarse-pored polypro- 
pylene mesh with clips made from implant steel 

The procedure was as in Example 2, but instead of the small 
clips, implantable clips of medium size made from stainless 
steel were used ("LIGACLIP Extra" , medium-size, made from stain- 
less steel with the US-material number 316L, from Ethicon Endo- 
Surgery) . The clips could be very well recognised in the X-ray 
image. 

Example 4 

Manufacture of a mesh which is X-ray- visible, fine and coarse- 
pored, partly- resorbable and reinforced with medical steel tubes 

Sleeves made from a medical chromium/nickel steel tube each with 
a length of 4 mm, an external diameter of 1.3 mm and an internal 
diameter of 1.0 mm were each fixed at 25 mm intervals, by com- 
pression at one end, on a monofilament (called "Pronova" ) manu- 
factured by Ethicon Inc. which was 5.0 mil (0.127 mm) thick and 
made from fluorinated polyolefins. The fixed objects could not 
be moved on the monofilament manually. The monofilament prepared 
in this way was incorporated as a thread into an implant mesh 
customary in the trade ("Vypro* , Ethicon GmbH) serving as a 
flexible basic structure and showed a very good contrast in the 
X-ray image. 
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Example 5 

Manufacture of a polypropylene mesh which is X-ray- visible, fine 
and coarse-pored, reinforced with steel tubes made from non- 
magnetic implant steel 

5 

Steel sleeves made from non-magnetic implant steel ("Phynox", 
from Minitubes, Grenoble) each with a length of 4 mm, an exter- 
nal diameter of 1.2 mm and an internal diameter of 0.8 mm were 
fixed, by knotting in front of and behind each sleeve, on a 

10 thread made from polypropylene (■ Prolene" , 6.0 mil (0.1524 mm) 
diameter, Ethicon Inc.). The distance between each of the slee- 
ves was approx 30 mm. These threads were drawn in between every 
fifth and sixth wale into a polypropylene mesh customary in the 
trade and showed a very good contrast in the X-ray image behind 

15 an approx. 5 cm- thick gel cushion. 

Example 6 

Marking of a polypropylene mesh with welded pre-shaped bodies 
made from zirconium dioxide as X-ray-visible elements 

20 

Balls made from stabilized zirconium dioxide (diameter 1.5 mm, 
YSZ-Ytt-stabilized, 95% Zr0 2 , 5% Y 2 0 3r Miihlmeier Mahltechnik) 
were placed on a polypropylene mesh customary in the trade 
("Prolene-Netz" , Ethicon GmbH) serving as basic structure, each 

25 at 3 cm intervals. Subsequently, circular pieces with a diameter 
of approx 1 cm were cut out of a 250 nm- thick polypropylene 
foil, and were pressed centered onto the balls and each welded 
with 8 to 10 weld points with a *USG 440* ultrasound welding 
probe manufactured by Liihr. Subsequently, foil pieces of the 

30 same size were welded onto the back of the mesh as counterpie- 
ces. 

The pre-shaped bodies made from stabilized zirconium dioxide 
were very clearly visible in the X-ray image (very good contrast 
35 behind a 10 cm- thick gel cushion) and could not be separated 
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from the implant mesh by manual pulling on the implant mesh, 
rubbing or repeated bending. 

F 

Example 7 

5 Marking of a polypropylene mesh with welded pre-shaped bodies 
made from zirconium dioxide as X-ray-visible elements 

The procedure was as in Example 6, but in contrast to this, 
balls with a diameter of 0.5 mm were used ( YSZ-Ytt-stabilized, 
10 95% Zr0 2f 5% Y 2 0 3 , Miihlmeier Mahltechnik ) , and a 50 mn-thick 
polypropylene foil was used as a foil. A still very good con- 
trast was shown in the X-ray image, but slightly fainter than in 
Example 6. 

15 Example 8 

Manufacture of a polypropylene mesh with X-ray-visible symbols 

Symbols in the shape of a lower-case letter " e" (each 5 mm long, 
5 mm wide and approx. 0.5 mm thick) were sewn onto a mesh custo- 
20 mary in the trade, made from polypropylene as a flexible basic, 
structure (" Prolene* , Ethicon GmbH), with a 0.127 mm-thick gold 
thread (Aldrich), each at 2.5 cm intervals. The X-ray-visible 
elements in the form of these letters could be well recognised 
in the x-ray image under a 10 cm- thick gel cushion. 

25 

Example 9 

Marking of a polypropylene mesh with tube-reinforced balls made 
from zirconium dioxide 

30 20 balls made from zirconium dioxide (0.5 mm diameter, YSZ-Ytt- 
stabilized, 95% Zr0 2 , 5% Y2O3, Miihlmeier Mahltechnik) were atta- 
ched by means of a polyethylene reinforcement to a polypropylene 
mesh customary in the trade ("Prolene" , Ethicon GmbH) as a basic 
structure which was cut' to a size of 6 cm x 7 cm. To this end, 

35 each ball was packed centered into a 1.5 mm-long tube made from 
polyethylene with an external diameter of 1 mm and an internal 
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diameter of 0.5 ram from Portex (England). The tube pieces were 
arranged on the mesh so that each interval between the indivi- 
dual balls was 1.5 cm. Subsequently, the mesh was kept in a 
beatable printing press with baking paper for 10 to 30 seconds 
5 at a temperature of 135°C and a pressure of 2 bar. 

Afterwards, the balls were encapsulated in rounded film pieces 
and firmly anchored to the mesh so that they could not be remo- 
ved by rubbing or tearing until the mesh was destroyed. Figure 
10 2 illustrates a section of the prepared implant. The mesh (basic 
structure) is designated by 20 and the zirconium dioxide balls 
by 22. The resulting rounded film pieces are indicated by the 
dots 24 in the area surrounding the balls 22. 

15 In the case of the mesh treated under the conditions described, 
no thermal shrinkage was noticed. The mesh had the same flexural 
strength and tensile strength as the original mesh not subjected 
to an increased temperature. The increase in weight caused by 
the zirconium dioxide balls serving as X-ray-visible elements 

20 was only 7%. The balls were very well visible in the X-ray ima- 
ge. 

Example 10 

Marking of an implant with encapsulated barium sulphate as an X- 
25 ray-visible substance 

A 3.3 cm-long polypropylene tube (Portex) with an internal dia- 
meter of approx. 1.5 mm was filled with an approx 1 mm- thick 
barium sulphate-containing multifilament thread, (taken from the 

30 swab material "Telacomp* from Hartmann) with a length of 2.7 cm 
so that there was a tube overhang of approx 3 mm to the left and 
to the right. This tube was bent twice so that the shape of an 
angular letter " C" resulted, and was fixed with bees wax on a 
commercially available polypropylene mesh (" Prolene-Netz* , 6 mil 

35 (0.1524 mm), Ethicon GmbH) and subsequently thermally welded, as 
described in Example 9. 
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An almost round membrane with a diameter of approx 2 cm develo- 
ped, in the centre of which the "C" made from the multifilament 
filled with barium sulphate could be recognised. The coating 
remained stable even when forcefully and rapidly bent and rubbed 
5 with the fingernails. The X-ray-visible element in the form of 
the " C w showed a good X-ray contrast . 

Example 11 

Marking of a partly- resorbable mesh with zirconium dioxide and 
10 subsequent hydrolysis 

10 balls made from stabilized zirconium dioxide (0.5 mm diame- 
ter, YSZ-Ytt-stabilized, 95% Zr0 2/ 5% Y 2 0 3/ Miihlmeier Mahltech- 
nik) were attached via a polyethylene reinforcement to a partly- 

15 resorbable polypropylene-containing mesh (■ Vypro-Netz" , 15 cm x 
10 era, Ethicon GmbH) as a flexible basic structure. To this end, 
each ball was centred in an approx. 2 to 3 cm-long polyethylene 
tube (Portex 800/110/160) with an external diameter of 1 mm and 
an internal diameter of approx. 0.5 mm. The tube pieces were 

20 arranged on the mesh so that each interval between the balls was 
2.5 cm; each tube piece was placed diagonally over 6 wales and 
24 stitch rows. Subsequently, the mesh was kept in a heatable 
printing press with baking paper for 30 seconds at a temperature 
of 137 °C and a pressure of 2.2 bar. 

25 

The balls were then encapsulated in rounded film pieces . and 
firmly anchored to the mesh so that they could not be removed by 
gentle rubbing or tearing. Furthermore, the mesh showed no ther- 
mal shrinkage under these conditions. The mesh had almost the 
30 same f lexural strength and tensile strength as the original mesh 
not subjected to a thermal treatment. The zirconium dioxide 
markings were very clearly visible in the X-ray image. They 
could not be removed from the mesh by gentle rubbing and repea- 
ted bending. 

35 
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Subsequently , the resorbable part of the mesh was removed by 
being boiled for half an hour in a 10% soda solution. The resul- 
ting polypropylene mesh was rinsed with water and air-dried. The 
zirconium dioxide balls were still on the mesh and could not be 
5 removed from the mesh by gentle manual rubbing and repeated 
bending . 

Example 12 

Marking of a partly-resorbable mesh with zirconium dioxide in 
10 polypropylene reinforcement 

The procedure was analogous to Example 11 but with the differen- 
ce that a polypropylene tube (Portex " PP 60 x 100 FT", Lot 
G0515) served to reinforce the zirconium dioxide balls and the 

15 hea table printing press was kept for 3 minutes at a temperature 
of 121 °C and a pressure of 3 bar. The mesh showed practically 
no thermal shrinkage under these conditions. It had the same 
flexural strength and tensile strength as the original mesh. The 
markings in the form of zirconium dioxide balls could be very 

20 clearly seen in the X-ray image. 

Example 13 

Marking of a coarse-pored mesh with fine-pored marked mesh pie- 
ces 

25 

Circular pieces with a diameter of 1.4 cm were cut out round the 
zirconium dioxide balls from the mesh manufactured in Example 9. 
These round and small-pored mesh pieces were subsequently placed 
on a large-pored polypropylene mesh hydrolysed according to 
30 Example 1 (original material "Vypro", see Example 1) and welded 
with a "USG 440 n type Liihr ultrasound welding probe with 8 to 10 
weld points in each case. 

Example 14 

35 Manufacture of a polymer mesh which contains x-ray-visible poly- 
mer threads 
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A polypropylene mesh was manufactured on a "RD3MT3/420 SN n type 
Mtiller crochet galloon machine as illustrated in Figure 3 . Figu- 
re 3 also shows the corresponding pattern template. Like a con- 
ventional "Vypro" mesh manufactured by Ethicon GmbH, this mesh 
5 was prepared with two part -wefts 32, 33 , however the open-pillar 
stitches technique was chosen for the warp numbered 31. 

In addition, several X-ray-visible stationary threads 34 were 
incorporated into the mesh, which were prepared as multifilament 

10 polypropylene threads (300 tex) with a zirconium dioxide content 
of 50 wt.-%. The stationary threads 34 ran in the rapport of 10 
wales between the two part -wefts 32 and 33 of the basic structu- 
re. As a meshing of these threads with the stationary threads 34 
did not take place, the X-ray-visible stationary threads 34 were 

15 not responsible for the stretching and strength properties of 
the implant. 

Example 15 

Manufacture of an X-ray-visible knitted product 

20 

A right/right-knitted product was manufactured on a Shima Seiki 
12-pitch flatbed-knitting machine basically from a 320-den poly- 
propylene yarn. An X-ray-visible thread was incorporated into 
every 11 th stitch row. Each X-ray-visible thread, which was 
25 prepared from a polypropylene yarn (300 tex) containing 35 wt.-% 
zirconium dioxide pigment, therefore follows on 10 stitch rows 
40 (see Figure 4) in an incorporated loop 42. 

By using the different threads and the chosen pattern, the knit- 
30 ted fabric acquired a transverse texture, however with suffi- 
cient elasticity. 

Example 16 

Marking of a partly-resorbable mesh with zirconium dioxide balls 
35 in cords 
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A cord was braided on a customary ball-braiding machine with 36 
bobbins from a polypropylene yarn (2 x 60 den polypropylene 
multifilament yarn per bobbin) with approx. 60 braids /inch. 
Zirconium dioxide balls each with a diameter of 1.5 mm were 
5 incorporated therein at a mutual interval of approx. 10 mm (zir- 
conium dioxide balls as in Example 6 ) . After thermof ixing of the 
braided product, the cord was incorporated as stationary thread 
into a composite mesh consisting of "Vicryl" - and polypropylene 
fibres. ("Vicryl" is a trade name of Ethicon GmbH for a resorba- 
10 ble copolymer made from glycolide and lactide in a ratio of 9 to 
1). 

The implant obtained showed an only slightly higher flexural 
strength than an unaltered "Vypro" mesh. The zirconium dioxide 
15 balls of the implant were very clearly visible in the X-ray 
image . 

Example 17 

Marking of a non -resorbable mesh with cords made from threads 
20 filled with zirconium dioxide 

A thread was manufactured on a customary ball braiding head with 
8 bobbins from polypropylene multifilament yarn (60 den polypro- 
pylene multifilament yarn per bobbin) with approx. 60 braids/- 

25 inch, into which zirconium dioxide balls with a diameter of 0.5 
mm (zirconium dioxide balls as in Example 7) were incorporated, 
each at a 5 mm interval. After thermof ixing the braided thread, 
the braided threads were incorporated into a knitwear product 
made from a non-resorbable, synthetic monofilament with a diame- 

30 ter of approx. 0.1 mm. 

The implant showed no noticeable change in flexural strength 
compared with a knitted mesh without an incorporated X-ray- visi- 
ble thread. The zirconium dioxide balls were clearly visible in 
35 the X-ray image. 
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Example 18 

Marking of a non-resorbable mesh with knotted threads filled 
with zirconium dioxide 

5 A thread , manufactured as in Example 17, however with only ap- 
prox. 35 braids /inch, was knotted both in front of and behind 
each zirconium dioxide ball, in order on the one hand to prevent 
a displacement of the small balls, but on the other hand also to 
obtain a very soft braided thread. Subsequently, this very soft 
10 braided thread was incorporated into a knitted fabric as in 
Example 17 without previous thermof ixing . 

The flexural strength and elasticity of the implant was not 
measurably altered by the thread filled with zirconium dioxide 
15 balls. The zirconium dioxide balls placed in the implant were 
clearly visible in the X-ray image. 

Example 19 

Manufacture of a tape marked with X-ray-visible elements 

A so-called striped braid was manufactured on a customary brai- 
ding head, threads filled with approx. 30 wt.-% zirconium dioxi- 
de being braided round as so-called cores. For the braid con- 
struction, the braid had 19 bobbins each with 3 x 60 den poly- 
propylene multifilament yarn. The six cores each consisted of a 
polypropylene monofilament with a diameter of approx. 0.2 mm 
filled with approx. 30 wt.-% zirconium dioxide. 

The tape obtained was approx. 6 mm wide, and the X-ray image 
30 showed the cores filled with the X-ray-visible zirconium dioxide 
as six fine bands. 
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Claims 

1. Areal implant with a flexible polymer-based basic structure 
(10; 20; 31 , 32 , 33; 40) and with X-ray-visible elements 
(12; 22; 34; 42). 

2. Implant according to claim 1, characterized in that the X- 
ray-visible elements (12; 22; 34; 42) are arranged in an 
areal pattern. 

3. Implant according to claim 1 or 2, characterized in that the 
basic structure (10; 20; 31 f 32, 33; 40) includes non-resor- 
bable~ polymer. 

4. Implant according to one of claims 1 to 3, characterized in 
that the basic structure (10; 20; 31 , 32, 33; 40) has one of 
the forms chosen from the following group: meshes, tapes, 
foils, perforated foils. 

5. Implant according to one of claims 1 to 4, characterized in 
that the X-ray-visible elements (12; 22; 34; 42) have at 
least one of the X-ray-visible substances chosen from the 
following group: pure zirconium dioxide, stabilized zirco- 
nium dioxide, zirconium nitride, zirconium carbide, tanta- 
lum, tantalum pentoxide, barium sulphate, silver, silver io- 
dide, gold, platinum, palladium, iridium, copper, ferric 
oxides, not very magnetic implant steels, non-magnetic im- 
plant steels, titanium, alkali iodides, iodated aromatics, 
iodated aliphatics, iodated oligomers, iodated polymers, 
alloys of substances thereof capable of being alloyed. 

6. Implant according to one of claims 1 to 5, characterized in 
that at least part of the X-ray-visible elements is formed 
as pre-shaped bodies (12; 22) of respective length, width 
and height in the range of 0.1 mm to 50 mm, the pre-shaped 
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bodies (12; 22) being attached to the basic structure (10; 
20). 

7. Implant according to claim 6, characterized in that at least 
one pre-shaped body comprises a mixture of at least one X- 
ray-visible substance with a binding agent, preferably a 
non- or slowly resorbable polymer and/or a wax. 

8. Implant according to claim 6 or 7, characterized in that at 
least one pre-shaped body (12; 22) has one of the shapes 
chosen from the following group: beads, balls, small tubes, 
rods, small plates, rings, discs, bones, clips. 

9. Implant according to one of claims 6 to 8, characterized in 
that at least one pre-shaped body (22) has a coating and/or 
outer layer (24) made from non-resorbable material. 

10. Implant according to one of claims 6 to 9, characterized in 
that at least one pre-shaped body (12; 22) is attached to 
the basic structure or a holding device connected to the 
basic structure by knotting, compression, welding and/or 
gluing. 

11. Implant according to one of claims 1 to 10, characterized in 
that at least part of the X-ray-visible elements comprises 
a polymer tube or a cord which is filled at least partly 
with particles of a size of at most 2.5 mm made from an X- 
ray-visible substance. 

12. Implant according to claim 11, characterized in that the X- 
ray-visible substance is additionally fixed in the polymer 
tube or the cord, preferably by thermal shrinking and/or 
gluing . 

13. Implant according to one of claims 1 to 12, characterized in 
that at least part of the X-ray-visible elements (34; 42) is 
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designed as polymer, into which an X-ray-visible substance 
made from particles of a size in the range of 10 ran to 500 
\xm r preferably 10 nm to 100 \xm f is compounded . 

5 14. Implant according to claim 13, characterized in that the 
polymer with X-ray-visible substance (34; 42) is present in 
the implant in at least one of the forms chosen from the 
following group: monofilaments, monofilaments reduced along 
sections, multifilaments, twines , braided threads, cords, 
10 foils, films, small film tapes, tapes, such forms which are 

provided with knots. 



15. Implant according to claim 14, characterized in that the 
basic structure (40) has polymer with X-ray-visible substan- 

15 ce (42). 

16. Implant according to claim 14 or 15, characterized in that 
polymer with X-ray-visible substance (34) is attached as 
additional component to the basic structure (31, 32, 33). 

20 

17. Implant according to one of claims 13 to 16, characterized 
in that the X-ray-visible substance of the polymer comprises 
zirconium dioxide. 



25 18. Implant according to one of claims 13 to 17, characterized 
in that the X-ray-visible substance of the polymer comprises 
barium sulphate and this polymer is additionally coated with 
a non-resorbable polymer or wax. 



30 19. Implant according to one of claims 1 to 18, characterized in 
that at least part of the X-ray-visible elements comprises 
an X-ray-visible metal thread. 



20. Implant according to one of claims 1 to 19, characterized in 
35 that at least part of the X-ray-visible elements comprises 
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an X-ray-visible symbol, which is preferably provided repea- 
tedly and at equal intervals . 

21. Implant according to claim 20 , characterized in that the 
5 symbol is designed in one of the forms chosen from the fol- 
lowing group: sewn from X-ray- visible threads, stitched from 
X-ray-visible threads, embossed, from X-ray-visible foil, put 
together from X-ray-visible objects, put together from X- 
ray-visible powder, 

-10 

22. Implant according to one of claims 1 to 21, characterized in 
that the implant contains at least one of the substances 
chosen from the following group: polyalkenes, polypropylene, 
polyethylene, fluorinated polyolefins, polytetraf luoroethy- 

15 lene, polyvinylidenef luoride, polyamides, polyurethanes , 

polyisoprenes , polystyrenes , polysilicones , polycarbonates , 
polyaryletherketones , polymethacrylates , polyacrylates , 
aromatic polyesters, polyimides, copolymers of polymerisable 
substances thereof. 

20 

23. Implant according to one of claims 1 to 22, characterized in 
that the basic structure has a proportion of resorbable 
polymer, which preferably contains at least one of the sub- 
stances chosen from the following group: polyhydroxy acids, 

25 polylactides , polyglycolides, polyhydroxybutyrates , polyhy- 

droxyvaleriates , polycaprolactones, polydioxanones , synthe- 
tic and natural oligo- and polyaminoacids , polyphosphazenes, 
polyanhydrides , polyorthoesters , polyphosphates , poly- 
phosphonates , polyalcohols , polysaccharides , polyethers , 

30 resorbable glasses, copolymers of polymerisable substances 

thereof . 

24. Implant according to one of claims 1 to 23, characterized in 
that the implant is also detectable by means of ultrasound 

35 and/or magnetic resonance tomography. 
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